This document was prepared as an account of work sponsored bt an aeencv of the L nited 5tates Government. heither the bnited States Government nor the Lnivenin of California nor anv of their emplovees. makes anv warranw. express or implied. or assumes anv tepa1 liabilitr or respansibilitv for the accuracv. completeness. or usefuiness of an\ information. apparatus. product. or process disclosed. or represents that its use would not infnnee privatelv owned rights. Reference herein to anv specific commercial products process. or service bv trade name. trademark. manutaecurer. or otherwire. does not necessanlv constitute or implv its endorsement recommendation. 
Introduction
Recent papers have suggested that the slightly nonhydrostatic environment of the largevolume high-pressure multianvil (MA-8) apparatus might be exploited to investigate the deformation of mantle materials in situ at high pressures and temperatures [Liebermann and Wang, 19921. Important experimental results have also been published that purport to have imposed significant amounts of permanent strain to samples at high pressures and temperatures to produce high-pressure faulting (as related to deep-focus earthquakes) [Green et There is convincing evidence that differential stresses can exist in the multianvil cell at hgh pressures and temperatures. We ourselves have produced in the multianvil cell the scalloped remnant olivine grains and elongated P-phase grains during the a to p phase transformation that Vaughan et ai. [ 19841 and Green [ 19861, in studies of the a to y transformation, have shown identify a direction of maximum compressive stress when the transformation takes place under nonhydrostatic conditions (Figure 1) . However, the evidence that such differential stresses endure over macroscopic strains is much more circumstantial. The sample assembly in the multianvil apparatus typically undergoes high strain during initial pressurization, and differentiating permanent strain that occurs at high pressure from that which occurs during initial pressurization can be problematic. We have been attempting to further develop multianvil techniques with the aim of performing deformation experiments under pressure-temperature conditions of the earths mantle, but in the course of trying to determine the true amount of imposed deformation at high pressure and temperature, a very different picture has emerged than previous studies have suggested. The purpose of this short paper is to bring expectations into line with reality as regards using the multianvil apparatus as a creep apparatus. We do not attempt to provide a rigorous calibration of the mechanical behavior of the apparatus.
Measurements
Experiments described here were performed using the two MA-8 multianvil presses at the Bayerisches Geoinstitut in Bayreuth, Germany. A general description of the experimental configuration is given by Itu et ai. [ 19841 and Liebemann and Wang [ 19921 and specific detads of the pressure calibrations and the samples assemblies used can be found in Rubie ut al. [ 1993a. b] and Cunzl [ 19931. We used three common pressure cell configurations: 18/11, 14/8, and 10/5, where the notation is octahedron edge length in d t r u n c a t i o n edge length in mm. Machined octahedra consisting of sintered MgO/S%CrOz provided the confining medium and gaskets were made of pyrophyllite. High-temperature sample assemblies used a LaCr03 furnace surrounded by an insulating sleeve of ZrO2. In most cases standard sample assemblies were used and only in a few experiments were assemblies used that contained A1203 pis tons designed specifically to stress the sample [ e g , Green et al., 1990; Bussod et al., 19933. Bussod et ai. [I9931 have presented data suggesting that the sample strain, octahedron strain and the relative displacement of the multianvil guide blocks are all related in multianvil experiments. If this were the case, the sample strain could be monitored in real time simply by measuring the guide block displacement. To test this possibility more rigorously, we have attempted to determine the amount of deformation that takes place under pressure by malung two types of measurements: ( 1) final octahedron size after depressurization, as indicated by benchtop measurements of the distance between the four pairs of opposite parallel faces; and (2) relative displacement of the two guide blocks (Figure 2) . CIosure of the guide blocks is monitored by a single direct current differential transformer displacement transducer whose body is rigidly attached to one guide block and whose core moves rigidly with the other guide block. Both octahedron size and guide block displacement were measured at a range of pressures, temperatures, run times. and cell configurations. Many of the measurements were made during routine experiments performed in the muitianvil laboratory at the Bayerisches Geoinstitut in the course of other investigations. Taking the temperature trend in Figure 4c as a correction to the data in Figure 3c produces a clearer indication that the size of 18/11 assembly is independent of pressure ( Figure 5 ) above 6
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GPa. The same correction cannot be applied for the 10/5 data because of their biased locations in pressure-temperature space.
The perspective provided by two points at 1500°C and 7 and 8 GPa in Figures 3b and 4b deserves special note. These experiments were performed for the sole purpose of creep calibration, that is, specifically to determine the effectiveness of the pressure ramping technique Pressure-temperature-time histories differed only by the pressure ramp: both were taken to their run pressures (7 GPa in the one case; 8 GPa in the other) at the same rate and then heated to 1500°C. Both were held at highest (P, 7' ) for 30 minutes, then quenched to room temperature, and finally depressurized at identical rates. Not only were the sizes of the two octahedra indistinguishable, but the fact that they experienced relatively low (for the 14/8 assembly) pressures where inelastic compaction might be expected to be higher than at more elevated pressures did not bode at all well for the use of the pressure ramping technique, or the multianvil apparatus in general, in deformation experiments.
Guide block displacement vs time. Guide block displacement vs. time curves (Figure 6) give the distinct impression that creep occurs while the assembly is under pressure. For the duration of typical runs, usually a few minutes to a few hours at constant pressure and temperature, the displacement transducer reveals a steady, if not slightly decelerating rate of advancement of the guide blocks of 10 pm or more per hour. Were this displacement rate imposed on a typical sample of length 1 -2 rnm. the strain rate would be 10-5 to 10-6 s-1 (for instance. as Bussod et ul. [ 19931 have suggested) , which is within the range of strain rates of conventional laboratory deformation experiments in geophysics. In no case. however, have we ever observed the rate of guide block advancement to cease decelerating. Carried to longer and longer run times, the rate of advancement can be seen to slow to insignificantly low values (for deformation experiments), and finally, after about 24 hours duration, to cease.
Another aspect of the behavior of the apparatus that can be misleading is the guide block response upon initial heating. In most runs, pressure is first raised to the desired level before the temperature is raised. Immediately upon heating, one almost invariably observes that the rate of guide block advance and oil pumping to the ram immediately speed up, indisputable evidence that the thickness of the octahedron and gaskets are decreasing. Prompt thermal expansion should have exactly the opposite effect on displacement, so presumably the shrinking comes from weakness of pm/h, can be seen in hindsight to indicate that inelastic strain was an illusion. However, the implications of the near constant octahedron size could be easily overlooked given the steady.
reproducible trace of guide block advancement vs time. The minute deceleration of the guide block advancement rate over the course of a short duration experiment could also be explained by gasket area increasing as octahedron and gasket extrude into the space between tungsten carbide anvils.
However, only small decreases in guide block displacement rate can be explained by gasket area increase because the change in displacement rate must be proportional to the change in gasket area, which would presumably be related in a complex, but distinct, way to final octahedron size.
the respective materials at high temperatures. We have difficulty reconciling this observation with the behavior shown in Figures 3 -6 . The weak negative dependence of final octahedron size upon temperature (Figure 4 ) is, at first glance. consistent with h s idea because higher temperature usually causes materials to creep faster. However. if the sudden weakness in octahedron and gaskets occurs because of the higher temperature, one must question why the weakness is only short-lived even though high temperature persists. Spreading gasket area is not a satisfactory explanation for reasons given above. Work hardening of the MgO and pyrophyllite are difficult to prove and also do not provide a very satisfactory explanation because of the extreme magnitude of work hardening required. The very long duration experiment in Figure 6b is very revealing in this regard. In that experiment, pressure was held constant at 12 GPa for nearly 6 hours at room temperature before heating the sample chamber. In that experiment the prompt response to heating was a separation of the guide blocks. Acceleration in guide block closure did occur, but only after nearly one hour had elapsed. Thermal steady state at the octahedron and gaskets must have been reached in a few minutes, and certainly in less than an hour. It seems very unlikely, therefore, that the guide block closure indicated by the long-duration test in Figure 6b was related to displacements at the octahedron. The effect of the heat pulse as it encounters the mass of the press is too complex even for a qualitative discussion. One can speculate over various explanations for a divergence of the guide blocks (e.g., higher thermal expansivity of the ram oil vs that of the steel surrounding it) as well as for an apparent closure (e.g., warming up and thermal expansion of the displacement transducer).
Further evidence that the high displacement rates shortiy after heating are illusory is provided by the measurements of final octahedron size as a function of run duration for seven nearly identical 1015 experiments shown in Figure 7 . Those runs were carried out for relatively short durations of 35 minutes or less, the period during which apparent guide block displacement rates are most rapid (as fast as or faster than the initial stages of the curves in Figure 6 ). Figure 7 shows no tendency for the octahedron size to decrease with time.
Discussion and conclusions
Upon initial pressurization in the multianvil apparatus there is considerable inelastic compaction of the octahedral pressure medium, but on the basis of the data in Figures 3 -7. significant inelastic compaction apparently ceases at pressures Pc,.it that are well below most common experimental run pressures. For the 18/11, 1418, and 10/5 assemblies, we can identify approximate values of PCri, of 6,7, and 10 GPa, respectively (Figure 3) . Excluding stressrelaxation tests, deformation experiments using the multianvil apparatus require that gaskets (and octahedron) creep at fixed pressure. The idea that gaskets creep in the multianvil apparatus [Bussod et al., 19931 seems to have its origin not in direct measurements of gasket thickness vs time, but rather in consistent observations of guide block displacement vs. time. Creeping gaskets is not the only explanation for guide block displacement, and since the observations in the previous section are incompatible with gasket creep at P > Pcrir, either at fixed pressure or during pressure ramping, it must now be presumed that the gaskets do not creep. Therefore, until such time that there is direct evidence of gasket creep, previously published results based on the concept of creeping gaskets [Green et al., 1990; Bussod et al., 19931 must be viewed with skepticism, a point that we admit may lead to controversy.
The calibration measurements in this work are not exhaustive. Measurement scatter in some of the figures is very high. However, more rigorous calibration will require a major effort, for which no plans currently exist. The point in publishing this work now is not to settle the issue of creeping gaskets, but rather to bring to the attention of the community the possibility that they may not creep.
The ability to perform deformation experiments at extreme pressures is still a noble goal of geophysical research, and in fact we have not fully abandoned the possibility of doing such experiments in the MA-8 apparatus. We are currently exploring the idea of using materials of A strongly contrasting elastic bulk moduli inside the MgO octahedron. With proper choice and arrangement of parts, low-magnitude pressure ramping can be exploited to impose a small displacement to a sample. For example. we calculate that if tungsten pistons are used (Figure 2 ), pressure ramping of 1 GPa at some level above P C j , should force an inelastic shortening of several tens of micrometers to any material located between the pistons. Special piston geometries can amplify this deformation to many tens of percent of strain in a sample [S. Karato, 1996, personal comunication] . In previous attempts to perform deformation experiments, the sample was located uniaxially between hard pistons ( e g A1203) within the MgO octahedron. Measurements presented in this study consist of (1) 
